Background Glucocorticoid use is a major risk factor for osteoporosis. Overall rates of glucocorticoid use and bone health preventive measures in gastroenterology and hepatology populations are unknown. Aims We aimed to determine the rates of glucocorticoid use and bone health preventive measures, to evaluate an education-based quality improvement initiative on bone health and to assess improvement in health-care practices of providers in regard to bone health recommendations. Methods A cross-sectional survey was offered to all patients visiting a tertiary care gastroenterology and hepatology clinic. A bone health education intervention was performed, followed by a repeat cross-sectional survey. Pearson's Chi-square test statistic was used to evaluate interval improvement in bone health recommendations with the intervention. Predictive multiple logistic regression modeling was used to determine factors that influenced bone health recommendations by providers. Results A total of 552 patients and 725 patients completed the pre and post-intervention questionnaires, respectively. The prevalence of glucocorticoid use was 12.9%. Bone health recommendations to patients on glucocorticoids did not improve with the intervention (63.0% vs. 55.4%, p = 0.42). The strongest predictor of bone health recommendations was autoimmune hepatitis (OR 6.60 95%CI 3.13, 13.90), followed by inflammatory bowel disease (OR 6.06 95%CI 3.92, 9.38), liver disease (OR 3.70 95%CI 2.45, 5.59), current smoking (OR 3.31 95%CI 2.32, 4.73) and history of osteoporosis/osteopenia (OR 2.72 95%CI 1.83, 4.03). Conclusions In spite of risk factors for osteoporosis in patients with digestive diseases, health-care practices by providers in regard to bone health recommendations warrant further improvement.
Introduction
It is estimated that over 200 million people worldwide have osteoporosis. The prevalence of osteoporosis is continuing to increase as the population ages. The major complication of osteoporosis is an increase in fragility fractures leading to morbidity, mortality, and decreased quality of life [1] . Patients with glucocorticoid-induced osteoporosis represent only a fraction of the osteoporotic population. However, the impact of the disease remains substantial in terms of complications. For example, patients who receive several courses of high-dose glucocorticoids (daily dose C 15 mg and cumulative exposure [ 1 gm) have a substantially increased risk of fracture [2] . Therefore, it is important to intervene with preventive measures.
Despite data on the effectiveness of many pharmacologic therapies for osteoporosis prevention and treatment, only approximately 5-62% of patients in the United States and Europe on glucocorticoid therapy receive preventive therapies [3] . Gastroenterologists in particular have relatively few (\20%) of their at-risk patients on therapies to prevent osteoporosis [3, 4] . Many gastrointestinal and hepatic disorders require treatment with corticosteroids, placing these patients at risk for osteoporosis and the complication of fracture. For example, it is estimated that patients with inflammatory bowel disease have a 40% greater risk of fracture than the general population, and this risk increases with age [5] .
In 2003, the American College of Gastroenterology (ACG) and the American Gastroenterological Association (AGA) published guidelines on osteoporosis prevention and management in gastrointestinal and hepatic disorders [5] [6] [7] . These guidelines recommend lifestyle modifications and medical therapy, including supplemental calcium, vitamin D and bisphosphonates, to prevent or treat bone loss in patients who are on chronic glucocorticoid therapy. Kornbluth demonstrated that the implementation of these guidelines led to the detection of osteopenia and osteoporosis and an initiation of specific therapies in a majority of gastroenterology clinic patients who met the guidelines' criteria for dual-energy X-ray absorptiometry (DEXA) screening [8] . The most frequent indication for implementing these guidelines was glucocorticoid use. Therefore, we aimed to determine the prevalence of glucocorticoid use in a tertiary care gastroenterology and hepatology practice. We then aimed to assess improvement in health-care practices of providers in regard to bone health recommendations with a knowledge-based intervention. Finally, we aimed to evaluate the factors that influenced bone health recommendations by health-care providers.
Methods
Over a 2-month period in 2003, baseline data on osteoporosis risk factors, corticosteroid use, DEXA scan evaluation, and treatment of osteoporosis was collected from consecutive patients visiting the tertiary care gastroenterology and hepatology clinic at University of North Carolina Hospitals (UNCH) in Chapel Hill, NC. The knowledge, attitudes, and practices of health-care providers were assessed via questionnaires filled out by patients. Data such as age, current corticosteroid and other medication use, smoking, alcohol intake, menopausal status, history of fragility fracture, family history of osteoporosis, personal history of osteoporosis, and many other demographic characteristics were obtained. A provider-and patient-targeted intervention on osteoporosis risk factors, assessment, and treatment was performed over a 3-month period at a tertiary-care gastroenterology and hepatology clinic beginning in November of 2007. The provider intervention consisted of posted clinical reminders with a summary of the AGA guidelines on osteoporosis prevention and management. The patient intervention consisted of posters and educational materials placed in each examination room highlighting the importance of bone health. The providers underwent a voluntary Web-based osteoporosis knowledge assessment evaluation prior to the intervention and after cessation of the intervention. This evaluation consisted of a Web-based quiz based on a previously validated Osteoporosis Knowledge Assessment Tool and the AGA Guidelines on Osteoporosis [5, 9] . The assessment tool was developed specifically for the purposes of this study. Following the 3-month intervention, the clinical reminders and the patient-centered posters and educational materials were removed. A questionnaire was then administered to all consecutive patients visiting the gastroenterology and hepatology clinic at UNCH. The survey was identical to the previous questionnaire distributed in 2003, with additional questions added about recognition of the intervention itself. The study protocol was approved by the Institutional Review Board at the University of North Carolina-Chapel Hill.
Statistical Analysis
Bivariate analyses were performed evaluating the characteristics of the population. The pre-and post-intervention characteristics were compared via Student's t-test for continuous variables and Pearson's Chi-square test statistic for categorical variables. Improvement in physician osteoporosis knowledge post-intervention was assessed via paired t-test. Bone health recommendation by the tertiary care physician was the main outcome of interest. Recommendation of any bone health medication including calcium, vitamin D, bisphosphonate, calcitonin, or hormone replacement therapy, lifestyle modification such as weightbearing exercise, smoking cessation or recommendation of a DEXA scan by the tertiary care gastroenterology or hepatology physician was considered to be a bone heath recommendation (binary outcome any/none). Improvement in bone health recommendations was assessed via Pearson's Chi-square test statistic. Finally, a predictive logistic regression model was used to identify factors influencing bone health recommendations by health-care providers.
The fit of the predictive model was evaluated via a Hosmer-Lemeshow goodness-of-fit test.
For all analyses, p-values were two-sided, and a p-value of 0.05 or less was considered statistically significant. All statistical analyses were performed using Stata version 9.0 (College Station, TX).
Results
A total of 552 patients completed the baseline questionnaire (of 700 distributed surveys), and 725 patients completed the post-intervention questionnaire (of 1,000 distributed surveys). Reasons for refusal included unwillingness to participate, Spanish-speaking only, and lack of time. The overall characteristics of the population were similar pre-and post-intervention (Table 1) . A higher percentage of the post-intervention population included patients returning for follow-up appointments. There were fewer smokers and a higher percentage had medication coverage in this group. Of note, there were similar rates of corticosteroid use and a similar percentage of the population had been previously diagnosed by a physician with osteoporosis. The overall prevalence of current corticosteroid use in the entire study population was 12.9%. The majority of these patients were taking corticosteroids for inflammatory bowel disease (IBD), followed by nongastroenterology indications (including diagnoses such as asthma and arthritis), autoimmune hepatitis, and liver transplant ( Fig. 1) .
When the population was limited only to those currently taking corticosteroids, there were a total of 61 corticosteroid users in the pre-intervention group and 77 in the postintervention group. The rates of physician recommendation of specific bone health medications, lifestyle modifications, and screening with DEXA were examined in the group of patients on corticosteroids who were established patients (return visits). Overall, health-care practices by providers in regard to bone health recommendations were poor in both the pre-and post-intervention groups. There was no improvement in bone health recommendations with the intervention (63.0% pre-intervention vs. 55.4% post-intervention for any bone health recommendation (p = 0.42). Rates of previous DEXA scan and current bone health medication use in patients on corticosteroids were evaluated pre-and post-intervention (Table 2 ). Less than one-half of patients on corticosteroids were taking calcium, and less than one-third of these patients were taking concomitant vitamin D. Physician knowledge of osteoporosis prevention, screening, and treatment (as measured by the provider osteoporosis knowledge assessment tool developed for this study), was similar pre-and post-intervention, with a mean quiz score of 79.3(8.4) pre-intervention and 79.6(10.1) post-intervention. There was no improvement with the intervention when individual physician scores were compared via paired t-test.
A predictive logistic regression model was fit to the data from the entire sample (n = 1,279). This model demonstrated that tertiary care physicians were most likely to recommend bone health medications, lifestyle changes or DEXA scan to patients if they had autoimmune hepatitis, inflammatory bowel disease, were current smokers, had liver disease, or had a history of osteoporosis or osteopenia (Table 3) . Notably, previous fracture, advanced age, steroid use, and reduced BMI were not associated with tertiary physician bone health recommendations in this model. The model was evaluated with a Hosmer-Lemeshow goodnessof-fit test (p = 0.20).
Discussion
The study did not demonstrate a significant improvement in health-care practices by providers in regard to bone health recommendations in patients on corticosteroids. This lack of improvement may be related to the knowledge-based intervention itself. The intervention was designed to be unobtrusive, but because of this, it may have failed to make an impact. Our providers' knowledge of osteoporosis risk factors, screening and treatment was relatively good at baseline, therefore it is understandable that targeting knowledge The pharmacologic therapies most often recommended for the initial prevention and treatment of glucocorticoidinduced osteoporosis, regardless of the indication for the glucocorticoid, are calcium, vitamin D, and bisphosphonates [5, 6, [10] [11] [12] [13] . Our study found that overall rates of use of any of these bone health medications by patients on glucocorticoids were low (*40%). The data on efficacy of these medications for prevention and treatment of glucocorticoid-induced osteoporosis are primarily from patients with rheumatic diseases on relatively low average doses of prednisone. Recommended calcium doses are usually 1,500 mg/day. However, calcium alone is not adequate to prevent or treat glucocorticoid-induced osteoporosis [3] . Vitamin D is also indicated, with increasing data that at least 800 IU is the optimum dosing of this medication [14] . A meta-analysis of vitamin D in glucocorticoid treated patients demonstrated a beneficial effect in bone mineral density and a reduction in vertebral fracture risk (RR 0.56, 95%CI 0.34-0.92) [15] . Bisphosphonates may actually be superior to vitamin D in glucocorticoid-induced osteoporosis [15] . One study by Devogelaer et al. [12] randomized 163 rheumatology patients on low-dose glucocorticoid therapy to calcium, vitamin D, and placebo or alendronate. At 1 year, patients in the alendronate arm had an increase of 3.7% in the lumbar spine bone mineral density compared to a decrease of 1% in the placebo group. This trial argues that combination therapy with calcium, vitamin D, and bisphosphonates may be the most effective. Fewer studies have evaluated bisphosphonate use specifically in the gastroenterology patient population. Abitbol et al. [16] recently published a randomized controlled trial of an intravenous bisphosphonate for the prevention of steroidinduced bone loss in patients with inflammatory bowel disease. Patients receiving the bisphosphonate in addition to calcium and vitamin D had no change in their lumbar bone mineral density, compared to a reduction in lumbar bone mineral density in the control group treated only with calcium and vitamin D. Bisphosphonates may represent an important tool in glucocorticoid-induced osteoporosis prevention in a gastroenterology patient population.
Efforts to improve the quality of care for glucocorticoidinduced osteoporosis have largely occurred in the primary care or rheumatology settings. The studies focusing on education of physicians alone have largely been unsuccessful. A randomized-controlled trial by Curtis et al. [17] used an Internet-based educational ''toolbox'' to educate physicians on glucocorticoid-induced osteoporosis. This intervention did not improve the quality of osteoporosis care delivered. Another study randomized rheumatologists to an intervention consisting of education, discussion, and audit of practice patterns. This intervention also did not improve the quality of care of glucocorticoid-induced osteoporosis [18] . One intervention consisting of education materials, guidelines, and presentations to physicians and pharmacies in Australia did improve the use of calcium supplementation and pharmacologic therapies in hospitalized patients on glucocorticoid therapy (31-57%) [19] . However, an adjacent region was used as a control and there was neither patient-nor provider-level randomization. Based on these data, targeting barriers other than lack of knowledge could be the most beneficial in improving quality of care for glucocorticoid-induced osteoporosis prevention and management.
A recent study evaluated the effectiveness of the AGA guidelines on screening and treatment of patients at risk for osteoporosis. The AGA guidelines were implemented in 100 consecutive patients with inflammatory bowel disease who met criteria. The most frequent indication for osteoporosis evaluation was corticosteroid use (92%). Of the patients evaluated, 44% had osteopenia and 12% had osteoporosis. Specific therapies such as calcium, vitamin D, and bisphosphonates were instigated in 69% of patients [8] . Additionally, Kane et al. [20] surveyed clinicians prior to and post-distribution of the ACG guidelines on osteoporosis. A small percentage of providers read these guidelines, but among those that did, DEXA scans were ordered substantially more frequently and providers were more comfortable with management of osteoporosis. Another study of awareness and implementation of osteoporosis guidelines in patients with inflammatory bowel disease by gastroenterologists demonstrated that most surveyed physicians did not use the guidelines on metabolic bone disease. Barriers to care that were cited included the assumption that another physician should manage the problem, lack of time, lack of knowledge and cost [21] . Data clearly show that reduction in bone mineral density is common in gastroenterology patients on glucocorticoid therapy and that provider adherence to recommended guidelines is low, although improvement is possible. In order to prevent long-term complications of osteoporosis in our patient population, we need to improve both recognition and management of glucocorticoid-induced osteoporosis. Curtis et al. [22] reported that gastroenterologists were less likely than internists to prescribe bisphosphonates to patients in whom these medications would be appropriate (OR 0.49 (95%CI 0.28-0.86). Therefore, our study is important in that it highlights the lack of bone health preventive measures initiated by tertiary-care gastroenterologists and hepatologists for patients on glucocorticoid therapy.
One of the strengths of our study is that it is a large sample of consecutive patients visiting a tertiary-care center. Not only was medication use recorded, but other lifestyle factors such as alcohol use, smoking status, and weight-bearing exercise were collected. We were able to determine the indication for glucocorticoid use in this population and were able to ascertain whether the patient recalled physician recommendations for the prevention, evaluation and management of glucocorticoid induced osteoporosis.
There are limitations to this study. Repeated cross-sectional surveys, as used in this study, test associations between variables before and after an intervention. However, this design may not have isolated the effects of the intervention. This study represents one population of patients at a tertiary-care center and is likely not generalizable. However, the high rate of corticosteroid use we saw in our patient population was striking, and even if this rate is somewhat less in the general practice, it remains an important issue. The initial survey was performed in 2003, with a follow-up survey in 2007 after an intervention. Although faculty turnover during this time period was low, there were likely differences in some of the physicians caring for patients at the UNCH clinic. Individual differences in practice patterns may therefore have influenced our results. In our evaluation, we found differences by diagnosis in bone health recommendation by tertiary provider. For example, hepatologists may be better at bone health preventive care than general gastroenterologists as rates of bone health recommendation were higher in patients with hepatology diagnoses. We were unable to specifically differentiate by provider type in our model. All of the clinical characteristics, medication history, and recall of tertiary physician recommendations were self-reported by the patients. Certainly it is possible that recommendations were made that the patient did not remember. However, the patient must remember these recommendations in order to implement them, and therefore our outcome remains important. There are many patients who may have had osteoporosis, but were unaware of the complication since they had not previously been evaluated. This could introduce a bias into the results if it was differential. Our study also addressed only current corticosteroid use, not previous use. While we would be missing a percentage of the population that used these medications prior to the study, these data would likely be less reliable in terms of length of therapy, dose and concurrent medication use.
In conclusion, overall rates of corticosteroid use in a tertiary care gastroenterology and hepatology clinic are relatively high. Therefore, there is a population of patients at risk for osteoporosis for whom the current model of practice is not successful. This and other quality-improvement initiatives have been unsuccessful in improving bone health recommendations. Education and reminders of guidelines alone are not likely to impact practice patterns and improve prevention and recognition of glucocorticoidinduced osteoporosis in a gastroenterology and hepatology clinic. Consideration should be given in the future for further quality improvement initiatives, likely utilizing a systems-based approach, to improve implementation of bone health strategies by gastroenterologists and hepatologists.
